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g r o w t h  p a t t e r n  of a popula t ion  is  c h a r a c t e r i z e d  
by d i f f e r e n t  phases: t h e  l a g  phase, t h e  l o g  phase, t h e  s t a t i o n -  
a r y  phase ,  and the death phase. The r e l a t i o n s h i p  between t h e  
p o p u l a t i o n  and t h e  changing environment i s  assumed i n  t h e  
growth p a t t e r n ,  a s  t h e  populat ion paases through t h e  f o u r  
phases.  The number of i nd iv idua l s  p re sen t  i n s u f f i c f e n t l y  
def inea  t h e  courae  of the  c u l t u r e ,  
Presumably a c losed  b i o l o g i c a l  syatem con ta ins  e 
d e f i n i t e  amount of energy t o  be u t i l i z e d .  This sugges t s  t h a t  
some numerical  value  might be ass igned t o  t h e  c lo sed  system 
which could  be uaed t o  deacr ibe  the a b i l i t y  of a popu la t ion  
t o  u t i l i z e  t h e  a v a i l a b l e  energy. This does not  imply t h a t  
t h e  organlamfa  a b i l i t y  t o  u t i l i z e  the  a v a i l a b l e  energy o r  
t h e  environment does no t  change, f o r  i t  i s  s u f f i c i e n t l y  e s -  
t a b l i s h e d  t h a t  they do; bu t  It suggest8  t h i s  t o  be a number 
which may be  used i n  d e s c r i b l n g  t h e  changing e b l l i t y  of 
t h e  p o p u l a t i o n  t o  u t i l i z e  t he  s h i f t i n g  environment. 
~ ~ ~ l l t a ~ h ( 1 )  auggeats  t h a t  t he  a rea  beneath  t he  growth 
curve i a  t h e  t o t a l  occupancy value of a given system, s i n c e  
th ig  essentially t h e  awnmation of t h e  t o t a l  tirue t h a t  
a11 of  the organism l i v e d  in the given system.' The pup- 
pose of t h i s  Investigation we8 to define population growth 
curves of Tetrehymena pgrif omnis, stra in-W, and examine the 
area8 beneath the growth curves in  respect t o  occupancy. 
'P. A.  Meglitach, R~enperature end Growth Rates in 
Euplotes woodruff1 Gaw," Proceedin s of The Iowa Academ of 
Science,  L X I I I  (December, 1"s) 9 7& - m 7 R 5 n +  - 
CHAPTER 11 
HISTORY 
Abundant ev idence  d e a l i n g  w i t h  the e f f e c t s  of c r o u d i n g  
i n d i c a t e  t h a t  many f a c t o r s  may produce c r o u d i n g  i n  a p o p u l a t i o n  
and t h e t  crowding d e c r e a s e s  the r a t e  of growth. Some ev idence  
is a v a i l a b l e  t o  I n d i c a t e  t h e t  crowding c e n  have a s t i m u l a t o r y  
e f f e c t  in the e a r l y  s t a g e s  of growth,  b u t  the f i n a l  r e s u l t  
i s  e d e c r e a s e d  growth r a t e .  
Myers (2)  working with paramecia concluded t h a t  pop- 
u l a t i o n s  f rom s m a l l  i n o c u l a t i o n a  r ise r a p i d l y  t o  a ~ e 8 k . l  
In one m i l l i l i t e r  of  e culture medium, i n o c u l a t i o n s  of  one, 
two, and f o u r  organisms advanced e s e e n t i e l l g  t o  the flame 
p o p u l e t i o n  peek, w h i l e  i n o c u l a t i o n s  of e i g h t  organisma pro- 
duced p o p u l a t l o n  peeka of one-hal f  t h e t  of t h e  s m e l l e r  
aeed ings .  Ihe  t ime  r e q u i r e d  t o  r e a c h  t h e  p o p u l e t i o n  peak  l a  
g r e a t e r  e s  t h e  i n o c u l a t i o n s  become arnaller.  
~ h a p m e n ( 2 )  demonatra ted  t h a t  t h e  e x h a u s t i o n  of t h e  
food s u p p l y  i s  no t  n e c e s s a r i l y  t h e  l i m i t i n g  f a c t o r  of t h e  
m a x i m  p o p u l a t  ion.2 By i n t r o d u c i n g  v a r y i n g  numbers of  
'w. C.  A l l e e ,  Animal A re a t i o n s  (Chicago:  U n i v e r s i t y  
of  Chicago P r e s a ,  193- 
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b e e t l e s  t o  a d e f i n i t e  amount of f l o u r ,  and renewing t h e  
food  s u p p l y  e a c h  time a p o p u l a t i o n  count  was made, he found 
t h a t  a d e f i n i t e  number of organisms develop i n  a u n i t  volume 
of c u l t u r e  medium. 
Gause(3)  recogn ized  t h a t  t h e  growth of organisms i s  
sometimes a u b j e c t  t o  d e f i n i t e  a u a n t i t a t i v e  laws and imp l i ed  
t h a t  the proceas  i s  ex t remely  compl ica ted ,  and n o t  always i n  
agreement  w i t h  the p r e d i c t i o n s  o f  r e l a  t l v e l y  a imple ma the- 
m a t i c e l  theory .  1 
Fol lowing  t h e  p r i n c i p a l 8  of  Andre' Lwoff, E l l i o t t ( 4 )  
succeeded  i n  i a o l e t i n g  t h e  c i l i a t e  Colpidimn s t r i a t u m  ( T e t r a -  
hymn. a e l e i i )  i n  a n  axen i c  medium.* Taxonomic c o n f u s i o n  
a t  this t ime  ended when W. H. Furgason(4)  I d e n t i f i e d  E l l i o t t a  
c i l i a t e  a s  T e t r a h m n a  g e l e i i . 3  J. 0. C o r l i s s ( h )  l a t e r  e l a r -  
i f  l e d  the r e l s t i o n a h i p a  between t h e  Colpidimu-Glaucoma- 
leucophrps-Tetrahymen8 groups.4 0, We Ridde r (4 )  and h i*  
e e s o c i a t e a  worked o u t  t h e  amino a u i d  and v i t a m i n  r e a u i r e m e n t s  
of Te trahgmena p g r i f  ormis ,atrain-W, and E l l i o t t  s t u d i e d  the 
r e q u i r e m e n t s  f o r  Tetrahgmena py r i fo rmi s ,  s t r a i n  E. 5 
IG, F. Gause, l e  f o r  E x i s t e n c e  (Ba l t imore :  
The F-- The Will iama end w i l k s  ompany, m47, p. v i f .  
2 ~ l f r e d  M. E l l i o t t ,  "A h s r t e r  Century  E x p l o r i n g  Tstrs- 
hymens, " - The J o u r n a l  - o r  P r o t o z o o l o ~ y ,  VI (Feb rua rp ,  1059)  , 1. 
Repr i n t .  
5 ~ b  i d .  
-
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These n u t r i t i o n a l  landmarks opened the  door f o r  a m u l t i t u d e  
of me tabo l i c  s t u d i e s .  E l l i o t t  and Hogg(4) concluded from 
t h e i r  s t u d i e s  t h a t  t h e  b a s i c  metabolic pathways of Tetrahymena 
pyr l fomnis  and h i g h e r  animals a r e  s i m i l a r .  1 
P h e l p s ( 5 )  p o i n t s  ou t  t h a t  t h e  work of' e a r l y  exper imenters  
d id  n o t  employ organisms i n  pure cu l tu re .  The r e s u l t s  of 
non-pure c u l t u r e s  were c o n t r a d i c t ~ r ~ , ~  Phelpa r e i n v e a t i g a t e d  
pro tozoan  growth i n  pure c u l t u r e  and e s  t a b l i a h e d  growth 
r a t e s  s t  temperature  ranges s i m i l a r  t o  previous  workers. 
Phelpa and Kidder(6)  bo th  agree  t h a t  the  growth r a t e  of 
Te trahymena p g r i f  omnis i n  pure c u l t u r e  dur ing  t h e  l o g a r i t h m i c  
growth phase is  p e r f e c t l y  r e g u l a r  and c o n s i s t e n t e 3  Kidder 
then  concluded t h a t  a  condi t ioned medium, medium which haa  
suppor ted  s popu la t ion  of c i l i a t e e ,  poeseeses t h e  power t o  
a c c e l e r a t e  o r  i n h i b i t  t he  growth of a succeeding popnla t  ion,  
Removal of t h e  prev ious  popu le t ion  by c e n t r i f u g a t  i o n  causes  
e c c e l e r e  t i o n  of growth, while removal of t h e  prev ious  popula t l o n  
by f i l t e r i n g  cauaes i n h i b i t i o n  of growth. A condi t ioned  
or us tin Phelpa,  "Growth of Protozoa i n  Pure Cul ture ,*  
The J o u r n a l  of Expe r imen ta l  Zoology, C I I  (1946) ,  277-292, 
- -
30eorge W. Kidder,  ' ~ r o v t h  S t u d i e s  on C i l i a t e a .  V, 
The A c c e l e r a t i o n  and I n h i b i t i o n  of C i l i a t e  Growth i n  Blo log i -  
cellg Condit ioned Medium," The Jou rna l  of P h y s i o l o g i c a l  
Zoology, X I V ,  No. 2 ,  ( ~ p r i l ~ 9 h ~ ~ - ~ 6 *  
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medium t r e a t e d  with s t e r i l e  charcoal o r  p l a s t e r  of p a r i s  pro- 
ducee t h e  same e f f e c t  a s  the  f i l t e r e d  medim. The acce le r -  
a t i n g  f a c t o ~  decreasea a f t e r  the  population age passes  
s i x t y  hours;  a l s o  the  conditioning e f f e c t s  a re  destroyed 
b y  h e a t  and a re  l o s t  through standing. 1 
I n  formulat ing the  " ~ l v i s i o n  Indexn(the v i s i b l e  s t a g e  
of cytoplasmic f  i s a i o n  expressed on a  percentual  b a s i s  of 
the  popula t ion  number), Soherbaum(7) agrees with Phelps and 
Kidder b y  concluding t h a t  the  h igher  index obtained i n  t h e  
e a r l y  logar i thmic  phase of growth i s  due t o  the  prolongatfon 
of c e l l  f i s s i o n  r a t h e r  than a  synchronizat ion of the  c e l l a .  2 
Robertson(l0)  observed t h a t  c e r t a i n  c i l i a t e s  (Enchelys 
and Colpoda), when introduced i n t o  amell volumes of f r e s h  
c u l t u r e  medium, demonstrate an increased f i s s i o n  ra t e .  By 
hypothes iz ing  a  nuclear  au toca ta lys t ,  he attempted t o  exp la in  
the increased f i a s l o n  r a t e  t o  be dependent upon the  amount 
of the  a u t o c a t a l y s t  present  i n  t h e  nucleus. He reasoned 
t h a t  a s  the s i z e  of a  population increased, t h e  amount of tha 
autoca t s l y a  t i n  the  nucleus of the  i n d i r i d u a l  increased ,  s i n c e  
each  i n d i v i d u a l  would cont r ibute  l e s s  of the a u t o c a t a l y s t  t o  
'Otto Soherbmrn, 'The Division Index a n d  M l t i p l f c a t i a n  
i n  a Maas Culture  of  Tetrahymena Following I n o c u l a t i ~ n , ~  - The 
Journal  - of Protozoalogg, XI1 (November, 19571, 257-2500 
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the c u l t u r e  medium du@ t o  t h e  low s o l u b i l i t y  of t h e  a u t o -  
c a t a l y s t  i n  t h e  c u l t u r e  medium.' Other  workers  were a b l e  
t o  c o r r o b o r a t e  Rober tson '  a o b s e r v a t i o n s  but f a i l e d  t o  g i v e  
e v i d e n c e  f o r  h i s  explanat ion .*  
A s t e a d y  s h i f t  i n  t h e  p h y s i o l o g i c a l  s t a t e  of c e l l s  
end o f  t h e  medium c o n s t i t u t i o n  was demonatra ted  by ~ r e s c o t t ( 7 )  
d u r i n g  the l o g a r i t h m i c  and s t a t i o n a r y  phases  of  c u l t u r e  
growth. He concluded t h a t  t h e  t o t a l  l o g a r i t h m i c  p e r i o d  i s  
n o t  p h y s i o l o g i c a l l y  homogeneous even  though t h e  average  s e l l  
g e n e r a t  i o n  t ime remains c o n s t a n t .  3 
M e g l i t s c h  i n  e n  a t t e m p t  t o  d e f i n e  more a c c u r a t e l y  t h e  
c a p a c i t y  of e c u l t u r e  t o  u t i l i z e  t h e  e n v i r o n m e n t a l  p o t e n t i a l  
of  a g i v e n  envi ronment ,  used t h e  a r e e  b e n e e t h  t h e  g rowth  c u r v e  
a s  a v a l u e  of t o t a l  occupancy.4 Promoting t h e  fdea  t h a t  t h e  
cause8  of e v e n t s  a r e  p r i o r  t o  t h e  e v e n t s  themse lves ,  h e  pos- 
t u l a t e d  t h a t  t h e  growth r e t e  of a n  organism is  more dependen t  
upon p r i o r  occupancy t h a n  any o t h e r  p o p u l e t i o n  growth f a c t o r .  5 
Iw. C. A l l s e  and o t h e r s ,  P r i n c i  l e a  of Animal 6( P h i l d d e l p h i s  and London: W. B. aun e r a  05s- 
3 ~ .  M. P r e s o o t t ,  "Change i n  t h e  Physiological S t e t e  of a  
C e l l  P o p u l a t i o n  a s  a  F u n c t i o n  of C u l t u r e  Growth end Age 3x- -
p e r t m e n t a l  - C e l l  Research ,  T I 1  ( F e b r u a r y ,  1 ~ 5 ? ) ,  126-131. 
CHAPTER I11 
The e x p e r i m e n t a l  o b j e c t i v e  demanded t h a t  the p o p u l a t i o n  
g r o w t h  c u r v e s  o f  Tetrahymena p g r i f o n n i s  be e x a c t l y  d e f i n e d .  
Comple te  c e l l  c o u n t s  d u r i n g  t h e  e n t i r e  p e r i o d  o f  occupancy  
would be the most  e c c e p t a b l e .  I n s t e a d  o f  th i s ,  e s t i m a t e s  of 
t h e  number of c e l l s  p r e s e n t  i n  c u l t u r e s  were made b y  the 
d e t e r m i n a t i o n  of t h e  o p t i c a l  d e n s i t y  of  t h e  cultures. The 
p e r c e n t  o f  l i g h t  t r a n s m i t t e d  t h r o u g h  t h e  c u l t u r e  medium was 
used a s  a n  i n d e x  t o  d e t e r m i n e  t h e  numbers o f  o r g a n i s m s  p r e a e n t  
i n  the c u l t u r e s .  By r e c o r d i n g  t h e  p e r c e n t  of l i g h t  t r e n s -  
m i s a i o n  with a  Bausch and Lomb " S p e c t r o n i c  20" c o l o r i m e t e r  a t  
v a r l o u a  t i m e s ,  the g r o w t h  c u r v e s  c o u l d  b e  de t e rmined .  
Specimens of  Tetrahymena p y r i f o m n i s ,  s t r a in -W,  o b t a i n e d  
f rom t h e  Depar tment  o f  Zoology, S t a t e  U n i v e r s i t y  o f  Iowa, 
I o n s  C i t y ,  Iowa were c u l t u r e d  i n  b a c t e r i a - f r e e  E o e f e r r a  
~ e d 1 u m . l  The nedium was p r e p n r r d  b y  d l s a o l r l n g  In one l i t e r  
o f  d o u b l e  distilled w a t e r ,  f i f t e e n  gram3 of  B a c t o - p r o t e o s e  
p e p t o n e  ( D i f c o  Labora t o r t e s ) ,  f i v e  grams of B a c t o - c a a l t o n s  ( D i f c o  
L a b o r a t o r l e a ) ,  f i v e  grsna of  d e x t r o s e ,  two grams of  sodium 
l l o e f e r l s  Medium fo rmula  we8 o b t a i n e d  f r o m  t h e  S t a t e  
University of Iowa, Iowa C i t y ,  Iowa. This i s  t h e  aame medium 
t h e  Depar tmen t  of Zoology u s e s  t o  m a i n t a i n  s t o c k  c u l t u r e s  o f  
Tetrahymena p y r i f o r m i s .  
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c h l o r i d e  (NaC1) , one gram of d i b a s i c  potass ium phosphate  
(K HPO 1, one gram of d i b a s i c  sodium p h o a p h s t e ( ~ a ~ 8 P O ~ ) ,  2 4 
f i v e - t e n t h s  of one gram of Bacto-yeast  e x t r a c t ( D 1 f c o  Lab- 
o r a t o r i e s ) ,  and t h r e e - t e n t h a  of one gpam of magnesium 
ehloride(MgC12).  
The medium w a r  t h en  au toc laved  a t  a  minimum of f i f t e e n  
pounds p r e s s u r e  f o r  f i f t e e n  mlnutes.  The phospha tes  p r e s e n t  
b u f f e r e d  t h e  medium a t  pH 7.4. The pH of t h e  medium 
r e c o r d e d  u s i n g  a  Coleman pH meter. The p ro tozoans  w i l l  grow 
I n  p r o t e o s e  peptone p l u s  t h e  s a l t s ,  b u t  t h e  a d d i t i o n  of 
y e a s t  e x t r a c t  improves t h e i r  growth. 
S t o c k  c u l t u r e s  of Tetrahymena p y r i f o m i s  were grown i n  
one-hundred m i l l i l i t e r s  of L o e f e r f s  medium a t  room temper-  
a t u r e ,  i n  a two-hundred-f i f  t y  m i l l i l i t e r  f l o r e n c e  f l a s k ,  which 
s e r v e d  a s  a aource  of organisms used i n  i n o c u l a t i n g  t h e  growth 
f l s e k s .  Twenty t o  t h i r t y  hou r s  b e f o r e  t h e  i n o c u l a t  i o n  of 
t h e  g rowth  f l a s k s ,  one b a c t e r i o l o g i c a l  l o o p - f u l l  of t h e  s t o c k  
c u l t u r e  was t r a n s f e r r e d  i n t o  f i f t y  m i l l i l i t e r s  of t h e  exper -  
i m e n t a l  medium i n  a  two-hundred-f i f ty  m i l l i l i t e r  f l o r e n c e  
f l a s k .  This c u l t u r e  was t h e n  incuba ted  a t  t h i r t y  seven 
deg ree s  C e l s i u e  u n t i l  t h e  i n o c u l a t i o n  of the growth f l a s k s .  
The e r l enmeyer  growth f l a s k s  used i n  th i s  i n v e s t i -  
g a t i o n  were modif ied  b y  hav ing  a  Pyrex t e s t  t u b e  w i t h  a One- 
h a l f  i n c h  d i ame te r ,  opening i n t o  t h e  i n s i d e  of t h e  f l a s k s ,  
10 
a t t a c h e d  a P ~ r o x i m a t e l y  f o u r  c e n t i m e t e r s  from t h e  t o p  of  
the f l a s k .  e r lenmeyer  growth f l s a k s  were s t o p p e r e d  
w i t h  c o t t o n .  By t i p p i n g  t h e  modif ied  f l a s k s ,  t h e  c u l t u r e  
medium i n  t h e  f l a s k a  c o n t a i n i n g  t h e  p ro tozoans  would f i l l  
the t e a t  t u b e  and t h e  p e r c e n t  t r a n s m i s s i o n  r e a d i n g s  c o u l d  
be r e a d  d i r e c t l y  w i t h o u t  t h e  removal of a  sample from the 
growth  f l a s k .  
I n o c u l a t i o n  of' t h e  growth f l a s k s  c o n s i s t e d  of  a s c e p t i c a l -  
ly t r a n s f e r r i n g  one b a c t e r i o l o g i c a l  l o o p - f u l l  ob t h e  sub- 
c u l t u r e  i n t o  e a o h  of t h e  growth f l a s k a .  The t e m p e r e t u r e  of 
the g r o w t h  f l a s k s  was h e l d  c o n s t a n t  a t  t h i r t y - s e v e n  degree8  
C e l s i u s  I n  a n  " I m p e r i a l  400" i n c u b a t o r  produced by t h e  
Chicago S u r g i c a l  and  E l e c t r i c a l  Company, e x c e p t  d u r i n g  the 
c o u n t i n g  of t h e  c u l t u r e s .  The l a r g e  s u r f a c e  a r e a  of t h e  
two-hundred- f i f ty  milliliter f l a s k s  provided a  r a p i d  gas 
exchange with t h e  atmosphere. 
Accura te  d e t e r m i n a t i o n  of t h e  p e r c e n t  t r a n s m i s s i o n  
r e a u i r e d  t h a t  t h e  growth f l a s k a  be matched. A c o b a l t  c h l o r i d e  
a t o c k  a o l u t i o n  was p repared  b y  d i s s o l v i n g  twenty-two and 
f i v e - t e n t h a  grams of c o b a l t  c h l o r i d e  i n  one l i t e r  of a  one 
p e r c e n t  h y d r o c h l o r i c  a c i d  s o l u t i o n .  The t e s t  t u b e s  of t h e  
m o d i f i e d  f l a s k s  were t h e n  f i l l e d  with t h e  c o b a l t  c h l o r i d e  
a t o a k  s o l u t i o n .  S e t t i n g  t h e  wavelength s c e l e  of t h e  c o l o r i -  
m e t e r  t o  f ive-hundred-f  o r t y  m i l l i m i c r o n s ,  one f l a s k  was 
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chosen  a s  a  r e f e r e n c e  f l a s k ,  and t h e  c o l o r i n e t e r  was ad- 
j u s t e d  t o  g i v e  a  f i f t y  p e r c e n t  t r a n s m i s s i o n  r e a d i n g  with 
this  f l a s k .  Using th i s  f l a s k  t o  p e r i o d i c a l l  J check t h e  f i f t y  
p e r c e n t  t r a n s m i s s i o n  r e a d i n g ,  t h e  t r a n s m i s s i o n  r e a d i n g s  of 
t h e  o t h e r  f l a s k s  were t h e n  recorded.  F l a s k a  w i t h  l e s s  t h a n  
a one p e r c e n t  t r e n s m i s s i o n  d e v i a t i o n  from t h e  f i f t y  p e r c e n t  
t r a n s m i s s i o n  of t h e  r e f e r e n c e  f l a s k  were r e t e i n e d  f o r  the 
e x p e r i m e n t a l  growth f l a s k s .  The r a t i o  of t h e  p e r c e n t  t r a n s -  
m i s s i o n  o f  t h e  r e f e r e n c e  f l a s k  t o  t h e  p e r c e n t  t r a n s m i s s i o n  
of t h e  unknown f l a s k  provided a  c o n s t a n t  ( k )  which c o r r e c t e d  
t h e  r e a d i n g  of t h e  unknown f l a s k s  t o  t h e  r e a d i n g  of t h e  r e f e r -  
e n c e  f l a s k .  Pho tomet r i c  cu rves  of L o e f e r t a  Medium were drawn 
by p l o t t i n g  t h e  p e r c e n t  t r a n s m i s s i o n  of t h e  medium a g a i n s t  
d i f f e r e n t  wavelengths  of l i g h t .  I n  c o l o r i m e t r y ,  minimum 
t r e n a m i t t a n c e  i s  p r e f e r r e d ,  s i n c e  t h e  g r e a t e s t  s e n s i t i v i t y  
i s  o b t a i n e d  a t  t h e  a b s o r p t i o n  maximurn. I n  th i s  caae  maximum 
t r a n a m i t t a n c e  was used t o  reduce any e r r o r  which migh t  be  
i n t r o d u c e d  b y  a  change i n  t h e  t r a n s m i t t a n c e  of t h e  medium. 
P l o t s  of t h e  p e r c e n t  t r a n s m i s s i o n  of c e n t r i f u g e d  medium b e f o r e  
and a f  t er  growth,  age i n s t  d i f f e r e n t  wavelengths of l i g h t ,  
were made on a  p o r t i o n  of t h e  a b s o r p t i o n  curve  which had v e r y  
l i t t l e  a l o p e  ( e i g h t - h u n d r e d  m i l l i m i c r o n s )  and no change was 
i n d i c a t e d  i n  t h e  t r a n s m i s s i o n  of t h e  medium. 
Dense c u l t u r e s  of Tetrehymena, a f t e r  ahak ing  t o  i n s u r e  
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e q u a l  d i 8 t r i b u t i o n ,  were d iv ided  i n t o  two a l i a u o t s .  One 
a l i q u o t  was c e n t r i f u g e d  f o r  s i x  minutes i n  o r d e r  t o  o b t a i n  
a  d i l u t i n g  medium Using a  s e r l o l o g i c a l  p i p e t t e ,  f i v e  
m i l l f l i t e r a  of t h e  aecond a l i q u o t  were t r a n s f e r r e d  i n t o  t h e  
a t t a c h e d  t e s t  tube  of one of t h e  growth f l a s k s  and the p e r -  
c e n t  t r a n s m i s s i o n  was recorded.  One m i l l i l i t e r  of  the 
d i l u t i n g  medium waa added t o  a  aecond growth f l a s k ,  w i t h  
f o u r  m i l l i l i t e r s  of t h e  f i v e  m i l l i l i t e r 8  i n  t h e  f i r s t  growth 
f l a s k ,  and the p e r c e n t  t r a n s m i s s i o n  was recorded.  Thia 
a e r i a l  d i l u t i o n  of f o u r  milliliters of t h e  p r e v i o u s  d i l u t i o n  
t o  one m i l l i l i t e r  of the d i l u t i n g  medium was c o n t i n u e d  u n t i l  
e  i g h t g  p e r c e n t  t r a n a m i a s i o n  r e a d i n g s  were ob ta ined .  Then 
p a r t  of  t h e  aecond a l i q u o t  was t r a n s f e r r e d  t o  a  t e a t  t u b e ,  
and t h e  t e s t  tube  we8 p laoed  i n  h o t  we te r  f o r  one minute.  
Thia k i l l e d  the pro tozoans  p r e s e n t .  A f t e r  c o o l i n g , a  b l o o d  
p i p e t t e  waa used t o  t r a n s f e r  p a r t  of t h e  dead organisma t o  
a  Levy-Hausaer Corpuscle  Counting Chember(Cl8y-Adama, Inc.) .  
Th i s  c o u n t i n g  chamber c o n s i s t s  of n i n e ,  one s a u a r e  m i l l i -  
m e t e r  a r e a s .  F i v e  s e p a r a t e  coun t s  of t h e  dead organisms 
were made o v e r  t h e  e n t i r e  n ine  s a u e r e  m i l l i m e t e r s  of a r e a .  
The f i v e  coun ta  were recorded  end averaged.  E s t i m a t e s  of 
t h e  number of organisme p e r  m i l l i l i t e r  of c u l t u r e  medium 
were d e r i v e d  u s i n g  t h e  average  count  of t h e  n ine  s a u a r e  
m i l l i m e t e r  a r e a s .  The number of organisms i n  each  s e r i a l  
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d i l u t i o n  was determined from the  e s t ima te  of t h e  number of 
organisms Pe r  m i l l i l i t e r  of the  c u l t u r e  medium, and was a s -  
s o c i a t e d  with t h e  app rop r i a t e  a e r i a l  d i l u t i o n .  mine c u l t u r e s  
were counted u s i n g  this  method. 
P l o t s  of t h e  number of organisms a g a i n s t  t h e  pe rcen t  
t r s n s m i s e i o n  of t h e  a e r i a l  d i l u t i o n s  on semi-log paper  sug- 
g e s t e d  t h a t  a l oga r i t hmic  mathematical  r e l a t i o n s h i p  e x i s t e d ,  
Using the  method of l e a s e  squares ,  t he  r e l a t i o n s h i p  
log y '3.3442 - 0 . 1 8 3 ~  
we8 determined,  where y i s  the  number of organisms, and x 
i s  t h e  p e r c e n t  t ransmiss ion .  The co r r ec t ed  s t anda rd  dev ia -  
t i o n  of y on x is  10.8. The probable e r r o r  of y on x i s  7.2. 
The c o e f f i c i e n t  of c o r r e l a t i o n ,  Rho, i s  0.997. Sinoe t h e  
c o r r e l a t i o n  c o e f f i c i e n t  approaches one, and t h e  s i z e  of t h e  
sample i a  sme l l ;  i n  o rder  t o  t e a t  i f  t h e  observed c o r r e l a -  
t i o n  c o e f f i c i e n t  d i f f e r a  s i g n i f  i c a n t l p  from a g iven  t h e o r e t -  
i c a l  va lue  expected of t he  sample s i z e ,  the  value of a 2- 
t r a n a f  ormat ion was determined. The Z-tranaf onnat i o n  value 
of 3 f 0.63975 i s  i n  complete agreement with Rho, p l a c i n g  
R ~ O  between 0.98233 and 0.99817, The Rho value observed 
i s  n o t  a i g n i f i c s n t .  1 
'R. A .  F i s h e r ,  S t a t i s t i c a l  Yethods f o r  Research 
Workers (London: O l i v e r  and Boyd, 1 9 j G ) , p r l =  
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v a r i a b l e s  were used i n  t h e  l n v e a t i g a t i o n  of t h e  
g rowth  Process .  F i r a t  t h e  c o n c e n t r a t i o n  of t h e  medium was 
h e l d  c o n s t a n t  while the volume of t h e  c u l t u r e  was v a r i e d .  
Second the volume of t h e  c u l t u r e s  wae h e l d  c o n s t a n t  while 
the c o n c e n t r a t i o n  of the medium was var ied .  
The d a t a  f o r  growth i n  d i f f e r e n t  volumes of medium was 
r e c o r d e d  a t  s i g h t  hundred m i l l i m i c r o n  wavelengths  of  l i g h t ,  
by growing  Tetrahymena p y r i f  ormia i n  seventy-f  i v e ,  f i f t y ,  
end twen ty - f ive  m i l l i l i t e r s  of medium. I h e  p e r c e n t  t r a n s -  
m i s s i o n  o f  l igh t  of  t h e  c u l t u r e s  was recorded  e a c h  morning 
and e v e n i n g  with approx imate ly  e  twenty-f o u r  h o u r  i n t e r v a l  
between t h e  morning r e a d i n g s  of e a c h  day f o r  a two-hundred- 
a l x t g  h o u r  p e r i o d .  By growing t h e  organisms i n  f i f t y  m i l -  
l i l i t e r ~  of medium, end va ry ing  t h e  c o n c e n t r a t i o n  of t h e  
medium by full-strength, one-half  s t r e n g t h ,  end o n e - o u a r t e r  
a t r e n g t h ,  d a t a  f o r  t h e  growth of t h e  organisms i n  d i f f e r e n t  
c o n c e n t r a t i o n s  of t h e  medium was o b t a i n e d  i n  t h e  same manner 
a s  waa done with t h e  d i f f e r e n t  volumes. 
A t  t h e  t e r m i n a t i o n  of each  p e r i o d  of growth,  S a c t o -  
n u t r i e n t  e g e r ( ~ 1 f c o  L a b o r a t o r i e s )  s l a n t s  were p r e p a r e d  and 
i n o c u l a t e d  with one b a c t e r i o l o g i c a l  l o o p - f u l l  of the c u l t u r e  
t o  e a t e b l i a h  t h a t  t h e  c u l t u r e s  were no t  contaminated .  
CHAPTER IV 
DATA Am E X F E R m A L  FEWJLTS 
The percent of l i g h t  t ransmission of the  medium was 
converted t o  the number of organisms per  m i l l i l i t e r  f rom 
the c a l i b r a t i o n  curve. The data were grouped i n t o  t e n  hour 
i n t e r v a l s  and the  a r i thmet ic  mean was determined f o r  each 
t e n  hour period. S p e c i f i c  growth r a t e s  f o r  each t e n  hour 
per iod were then  determined. Areas beneath the populat ion 
curves were derived from the  number of organisms per  m i l -  
l i l i t e r  us ing  Simpsonfa Rule. The log  t o  the  base two was 
determined f o r  the mean f i g u r e s  end graphs were constructed.  
The r e s u l t s  f o r  the growth of Tetrahymena pyr i fonnis  i n  
d i f f e r e n t  volumes o f  medium of the  same concentrat ion a re  
summerized i n  Table I and Figure I. 
Examination of the r e s u l t s  a3 sum??arized i n  Tabla I 
i n d i c a t e  t h a t  the seventy-five m l l l i l i t s r  cu l turea  reach e 
maximum of two-hundred-thousand organisms per  m i l l i l i t e r ,  the  
f i f t y  m i l l i l i t e r  c u l t u r e s  reach a maximum near  f o u r  hundred 
thousand organisms per m i l l i l i t e r ,  a n d  the twenty-five m i l -  
l i l i t e r  c u l t u r e s  reach a maximum near e i g h t  hundred thousand 
organisme per m i l l i l i t e r .  Speci f ic  growth r a t e s  f o r  the  
seventy-f i v e  end f i f t y  m i l l i l i t e r  cu l tu res  advance t o  the  
same peak, but the s p e c i f i o  growth r a t e  of the twenty-f i re  
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m i l l L l i t e r  c u l t u r e  a t t a i n s  a  h ighe r  peak. A gene ra l  t r end  
toward a  h i g h e r  s p e c i f i c  growth r a t e  i s  observed i n  t h e  twenty 
f i v e  m i l l i l i t e r  c u l t u r e ,  while t h e  seventy-f ive  milliliter 
c u l t u r e  t e n d s  t o  manl ies t  t h e  lower s p e c i f i c  growth r a t e .  
A t  t h e  same tine per iod a f t e r  inocula t ion ,  t h e  occupancy 
va lues  of  t h e  twenty-f ive  milliliter c u l t u r e s  a r e  g r e a t e r  
t han  the occupany values  of the  f i f t y  m i l l i l i t e r  c u l t u r e s ,  
and t h e  occupancy va lues  of t he  f i f t y  m i l l i l i t e r  c u l t u r e s  
a r e  g r e a t e r  t h a n  t h e  occupancy values of the  aeventg-f ive  
m i l l i l i t e r  c u l t u r e s .  
The growth observed i n  eoua l  volumes of d i f f e r e n t  
c o n c e n t r a t i o n s  of t he  medium a re  summarized i n  Table I f  end 
F igu re  11, An examinet ion of t he  r e s u l t s  a s  aurmnarized i n  
Table I1 r e v e a l a  t h a t  t h e  f u l l - s t r e n g t h  and the  h a l f - s t r e n g t h  
medium a t t e l n  a i m i l a r  p la teaus .  The qua r t e r - s t r eng th  med im 
a r r i v e s  a t  a  p l a t e a u  approximately one genere t ion  below t h e  
p l e t e a u s  02' t h e  f u l l  and h a l f - s t r e n g t h  mediums. A t  the 
P o p u l a t i o n  peak o s c i l l e t i o n  of the  populat ion d e n s i t y  is  
c h e r e c b r i a t i c  of t h e  t h r e e  cu l tu re s .  A g r e e t e r  o s c i l l a t i o n  
of t h e  p o p u l a t i o n  d e n s i t y  than ind ica ted  by t h e  probable 
e r r o r  1s obaerved i n  t h e  qua r t e r - s t r eng th  medium a t  f i f t y  
hours  of growth. Between f i f t y  and one-hundred-twenty hours  
of growth t h e  g r e e t e r  oscillations o f  populat ion d e n s i t y  
of' t h e  a u a r t e r  s t r e n g t h  medium rena in  near t he  popu l s t i on  peak. 
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~ e ~ o n d  one-hundred-twenty houra of growth t h e  o s c i l l a t i n g  
p o p u l a t i o n  d e n s i t y  of t h e  q u a r t e r - s t r e n g t h  medium c o n t i n u a l l y  
d e c r e a s e s .  The p o p u l a t i o n  d e n s i t y  of t h e  h a l f - s t r e n g t h  
m e d i m  b e g i n s  t o  oscillate and c o n t i n u a l l y  d e c r e a s e  n e a r  one- 
hundred-f  o r t y  h o u r s  of growth. The f u l l - a t r e n g t h  medium 
b e g i n s  o e c i l l a t  i o n  of the p o p u l a t i o n  d e n a i t y  n e a r  two-hundred 
h o u r s  o f  g rowth ,  and though not  i n d i c a t e d  by t h e  g raph ,  t e n d s  
toward  a more dense  p o p u l a t i o n  d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d  
of th ree -hundred- twen ty  hours .  
A t  t h e  aame t ime p e r i o d s  a f t e r  i n o c u l e t i o n ,  t h e  occn- 
pancy v a l u e s  of  t h e  h a l f - s t r e n g t h  medlum exceed the occupancy 
values o f  t h e  f u l l - s t r e n g t h  medium up t o  two-hundred-hours of 
growth. The occupancy v a l u e s  of t h e  q u a r t e r - s t r e n g t h  medium 
e r e  g r e a t e r  t h a n  the occupancy v a l u e s  of t h e  f u l l - s t r e n g t h  
medium up  t o  s e v e n t y  houra of growth,  b u t  do not  exceed t h e  
occupancy v a l u e s  of t h e  h a l f - s t r e n g t h  medium d u r i n g  the e n t i r e  
e x p e r i m e n t a l  p e r i o d ,  
The r a t i o s  of t h e  maximum number of organisms p e r  
m i l l i l i t e r  i n  t h e  c u l t u r e a  of d i f f e r e n t  volumes and the same 
O o n c e n t r a t i o n  of medium i n d i c a t e  t h a t  t h e  t o t a l  number of 
o rgan i sms  i n  t h e  t h r e e  d i f f e r e n t  c u l t u r e s  was t h e  same a t  t h e  
time t h e  c u l t u r e s  reached t h e i r  p l a t e a u s .  The s m a l l e r  c u l t u r e  
a p p r o a c h e s  a maximum number of organisms p e r  m i l l i l i t e r  t u o  
t imes  t h e  maximum number of orgenlsma p e r  m i l l i l i t e r  of t h e  
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c u l t u ~ e  tw ice  8s l a rge .  The l a r g e r  c u l t u r e  r e f l e c t s  a  maxi- 
number of o r g a n i 8 m  Pe r  m i l l i l i t e r  of the  amel les t  cu l tu re .  
I n  t h e  f I f t y  m i l l i l i t e r  cu l tu rea  of d i f f e r e n t  concent ra t ions  
of medium, t h e  maximal values  obtained demonstrate t h a t  t h e  
f u l l - s t r e n g t h  medium and t h e  half-stm.ength medlnm reach 
p l a t e a u s  s i m i l a r  t o  the  p la tesua  f i r s t  obaerved i n  t h e  f i f t y  
m i l l i l i t e r  c u l t u r e s  of t h e  f irst experiment. The f u l l - s t r e n g t h  
medium t h e n  con t lnues  upward t o  a maximum number of o r g a n i s m  
equa l  t o  t h e  maximum number of organisms a t t a i n e d  i n  the  
f i f t y  m i l l i l i t e r  c u l t u r e s  in the  f i r s t  experiment, while t h e  
number of  organisms i n  t h e  h a l f - s t r e n g t h  medium r a p i d l y  
d e c l i n e s .  
The d e s i g n  of t he  experiment placed t h e  t o t a l  amount 
of ene rgy  a v a i l a b l e  i n  each c u l t u r e  i n  proport ion.  I n  the 
twenty-f ive ,  f i f t y  and seventy-f ive  m i l l i l i t e r  c u l t u r e s  t h e  
t o t a l  e n e r g i e s  a v s i l s b l e  were r e s p e c t f u l l y  one, two, end 
t h r e e  t imes  t h e  t o t a l  energy a v a i l a b l e  i n  t h e  twenty-five 
milliliter c u l t u r e .  I n  t h e  f u l l ,  h a l f ,  end oua r t e r - a t r eng th  
f i f t y  m i l l i l i t e r  c u l t u r e s  the  t o t a l  energ ies  a v a i l a b l e  were 
respectfully two, one, and one-half times the  t o t a l  energy 
eve i l a b l e  i n  t h e  twent y-f ive  m i l l i l i t e r  c u l t u r e  ; thus  the  
c u l t u r e s  show t h r e e ,  two, one, and one-half t imes the  t o t a l  
energy  a v a i l a b l e  i n  t h e  twenty-five m i l l i l i t e r  cu l tu re .  
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8even ty - f ive  m i l l i l i t e r  c u l t u r e  with t h r e e  t imes  
the t o t a l  e n e r g y  a v a i l a b l e  i n  t h e  twenty-f ive m i l l i l i t e r  
c u l t u r e  deve lop8  a  maximum p o p u l a t i o n  e a u a l  t o  only  one- 
t h i r d  of the maximum p o p u l s t i o n  of t h e  twenty-f ive  m i l l i l i t e r  
c u l t u r e .  I n  c o n t r a s t  t h e  f i f t y  m i l l i l i t e r  c u l t u r e  with one- 
half of t h e  t o t a l  ene rgy  a v a i l a b l e  i n  t h e  twenty-f ive  
m i l l i l i t e r  c u l t u r e  f a i l s  t o  develop t o  t h e  maximum number 
of o rgan i sms  e x p e c t e d  i n  t h e  f i f t y  m i l l i l i t e r  c u l t u r e s ,  
a p p a r e n t l y  due t o  t h e  l a c k  of s u f f i c i e n t  t o t e l  ene rgy  a v a i l -  
a b l e .  These o b s e r v a t i o n s  i n d i c a t e  t h a t  a  p o p u l a t i o n  s i z e  
i s  i n d e p e n d e n t  of a n  energy  excess .  
One c a n  v i s u a l i z e  a  p o p u l a t i o n  l i v i n g  i n  an  op t ima l  
env i ronment  a s  r a p i d l y  expanding and f i l l i n g  any pre-  
imagined f i x e d  space .  Provided the  environment w i l l  remain 
o p t i m a l ,  t h e  f i x e d  space  w i l l  be t h e  d e f i n i t e  l i m i t i n g  f a c t o r  
of t h e  p o p u l a t i o n  a t  t h e  t ime t h e  space  becomes comple te ly  
f i l l e d .  The o c c u p a t i o n  of a  p o p u l a t i o n  i n  a  f i x e d  space  
c o n t i n u a l l y  d e p l e t e s  t h e  once op t ima l  environment. 
T h e o r e t i c a l l y  a t  l e a s t ,  one can imagine t h a t  f o r  a  
g i v e n  s e t  of  c u l t u r e 1  c o n d i t i o n s  a c h a r a c t e r i s t i c  maximum 
a r e a  b e n e a t h  t h e  p o p u l e t  i o n  growth curve w i l l  be expected.  
Thia  c h a r a c t e r i s t i c  a r e a  map be imagined a s  t h e  t o t a l  occu- 
pancy of  t h e  popula t ion .1  Therefore st a  p o p u l a t i o n  grows 
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and dies, t h e  OccuPancy f a c t o r  of the  populat ion w i l l  approach 
8s a  l i m i t  t h e  c h ~ r a c t e r i s t i c  area  expected beneath t h e  
p o p u l a t i o n  growth curve. As the  occupancy f a c t o r  approechea 
t h i a  l i m i t ,  one might wal l  expect  the  course of t he  c u l t u r e  
t o  be d e f i n e d *  
By p l o t t i n g  t h e  a p e c i f i c  growth r a t e s  of t h e  popn- 
l a t i o n  a g a i n s t  t h e  occupancy f a c t o r a  of the  c u l t u r e s  f o r  t h e  
same t i m e  p e r i o d s ;  c h a r a c t e r i s t i c  curves a r e  ob ta inab le  a s  
seen  i n  f i g u r e s  3 and 4. The maximum b i o t i c  p o t e n t i e l  on 
each  g r a p h  i s  r ep re sen ted  by the  h o r i z o n t a l  l i n e  p a r a l l e l  
t o  the occupancy ax l s .  The curves on the  graph desc r ibe  
t h a t  p a r t  of t h e  maximum b i o t i c  p o t e n t i a l  being r e a l i z e d ,  
whi le  t h e  v e r t i c a l  d i s t a n c e  between the  h o r i z o n t a l  l i n e  and 
the  curve i s  a  measure of t he  i n t a n a i t y  of the  environ- 
mental  r e s i a t a n c e .  
The grapha i n d i c a t e  t h a t  during the  verv e a r l y  per iods  
of occupancy t h e  environmental  r e s i s t a n c e  i s  small  and e 
h i g h  s p e c i f i c  growth r a t e  i s  obtained. As the  occupancy of 
the  c u l t u r e s  i n c r e a s e s ,  t he  high s p e c i f i c  growth r a t e  i s  
suppressed  t o  a  p o i n t  near  zero by a r ap id ly  i nc reas ing  
envi ronmenta l  r e s i s t a n c e .  An approximate s t a t e  of e ~ u i l i -  
brium between the  b i o t i c  p o t e n t i a l  of t he  popula t ion  and the 
envi ronmenta l  r e s i a t a n c e  i s  noon r ea l i zed  and represen ted  
i n  a  g e n t l y  s l o p i n g ,  almost ho r i zon ta l  l i n e .  A t  t he  tlme 
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t h e  s p e c i f i c  growth r a t e  becomes zero,  t he  b i o t i c  p o t e n t i a l  
of t h e  c u l t u r e  i s  e n u a l  t o  t h e  environmental  rea i s tance .  
maximum a p s c i f i c  growth r a t e  c o n j o i n t l y  w i t h  t h e  
r a p i d l y  i n c r e a s i n g  environmental  r e s i s t a n c e  approximate 
t h e  e a r l y  e f f e c t s  of  l o g a r l t h m a t i c  growth of the  sigmoid 
growth curve.  The p l a t e a u  of t he  sigmoid growth curve l a  
r e p r e s e n t e d  by t h e  a lmos t  p a r a l l e l ,  b u t  g e n t l y  s lop ing  h o r i -  
z o n t a l  l i n e .  A t  t h e  time the  g e n t l y  s lop ing  h o r i z o n t a l  l i n e  
c r o s s e s  t h e  z e r o  a x i s  the  upper ayemptote of t he  sigmoid 
growth  i s  r e a l i z e d .  The maximum growth r a t e  observed es- 
t a b l i s h e s  t h e  beg inn ing  of a igmold loga r i t hmic  growth; the  
g e n t l y  s l o p i n g  l i n e  marks the end of the  maximum popula t ion  
growth  a t  t h e  t ime t h e  l i n e  c ros ses  t h e  zero,  o r  occupancy 
a x i s .  
The envi ronmenta l  r e s i s t a n c e  measured a s  the  d i f f e r e n c e  
of  t h e  obaerved maximum r a t e  of i nc rease  and the  observed 
a c t u a l  r a t e  of i n c r e a s e  f o r  a  g iven per iod of time expresses  
a c c u r a t e l y  t h e  r e d u c t i o n  of t he  b i o t i c  p o t e n t i a l  due t o  a l l  
l i m i t i n g  f a c t o r s .  Occupancy, which embodies both  t h e  a c t i v -  
i t i e s  of a y n t h e s i s  end maintenance, i s  important  i n  a t tempt ing  
t o  unde r s t and  what a l i q u o t  of t he  t o t e l  energy a v a i l a b l e  i s  
used  i n  s y n t h e s i a ,  and what e l i a u o t  i s  used i n  maintenance. 
The probable  r e l a t i o n s h i p  e x i s t i n g  between t h e  s p e c i f i c  
growth r a t e  and occupancy i s  s u f f i c i e n t  t o  s i g n i f ?  t h a t  
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f u r t h e r  l n v e s t i g s t i o n  ahanld be conducted t o  establish the  
importance of' t h e  occupancy f a c t o r .  A mathemstlcel t r e a t -  
ment of b i o l o g i c a l  d a t a  i s  necessary t o  more c l e a r l y  under- 
a t a n d  and a c c u r a t e l y  def i n e  the  c a p a c i t i e s  of en organism 
t o  u t i l i z e  t h e  environment. Any progress i n  exploring the 
a c t i v i t i e s  of synthesis and maintenance w i l l  be of value i n  
c o n s t r u c t i n g  a n  i n t e g r a t e d  p i a t u r e  of the  phyaiologlcal 
c o n d i t i o n  of a populat ion.  
SUMMARY 
By growing Tetrahymena pyr i fo rmis  i n  an axen ic  
medium, r e s t r i c t e d  g rowth  curvea a r e  o b t a i n a b l e  from t h e  
p e r c e n t  t r e n e m i a s  i o n  of l i g h t  th rough  t h e  c u l t u r e  medium, 
a s  r e c o r d e d  with the " S p e c t r o n i c  20," Bausch and Lomb 
Color ime  t o r .  This method p e r m i t s  a n  approximate d e t e r -  
m i n a t i o n  of t h e  s p e c i f i c  g rowth  r a t e s  and occupancy fac -  
t o r s  of a p o p u l a t i o n ,  which can  be used t o  i n t e r p r e t  the  
b i o t i c  p o t e n t i a l  of a p o p u l a t i o n  and t h e  environmental  
r e s i s t a n c e  o f  t h e  c u l t u r e  medium a s  be ing  dependent upon 
the occupancy  f a c t o r .  
The e x p e r i m e n t s  demons t ra te  t h a t  t h e  maximum pop- 
u l a t i o n  a i z e  i a  i n d e p e n d e n t  of en excess  of t h e  t o t a l  
e n e r g y  e v a i l a b l e ;  b u t  l a  dependent  upon t h e  i n t i m a t e  
r e l e t  i o n s h i p s  e x i s t  1ng between t h e  popu la t ion ,  t h e  amount 
of a v a i l a b l e  a p e c e ,  and a  n e c e s s a r y  minimum t o t a l  energy 
a v a i l a b l e .  The e n v i r o n m e n t a l  r e s i s t a n c e  of the  c u l t u r e  
medium r a p i d l y  i n c r e a s e s  and e s t a b l i s h e s  a  s t a t e  of nea r  
e q u i l i b r i u m  w i t h  t h e  b i o t i c  p o t e n t i a l  of t h e  popula t ion ,  
r e p r e s e n t i n g  t h e  p l a t e a u  of t h e  sigmoid g ~ o w t h  curve. 
Maximum p o p u l a t i o n  s i z e  i s  ach ieved  a t  t h e  time t h e  b i o t i c  
p o t e n t i a l  o f  t h e  p o p u l a t i o n  1s suppressed  t o  ze ro  bp t h e  
increasing e n v i r o n m e n t a l  r e s i s t a n c e  extended by the  
oacupa t ion of the population. 
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